Objective. Chronic pain and progressive loss of physical function with AS may adversely affect healthrelated quality of life (HRQoL). The objective of this study was to assess the 5-year data regarding spinal mobility, physical function and HRQoL in patients with AS who participated in the Adalimumab Trial Evaluating Long-term Efficacy and Safety for AS (ATLAS) study.
Introduction
AS is a chronic inflammatory disease that affects the axial skeleton, peripheral joints and entheses, primarily of the spine and SI joints [1] . Symptoms of AS include back pain, loss of spinal mobility, joint stiffness and fatigue. The progressive nature of AS can result in complete fusion of the spine, putting patients at risk of vertebral fractures [2] . Progressive AS can also cause significant functional impairment, reductions in health-related quality of life (HRQoL) [3, 4] , reduced capacity for work [5, 6] and substantial direct and indirect costs for the patient and the health care system [7] .
TNF antagonists (etanercept, infliximab, golimumab and adalimumab) have demonstrated clinical efficacy in short-term and long-term clinical trials [825] . For adalimumab, long-term effectiveness data for patients treated for up to 5 years are now available from the Adalimumab Trial Evaluating Long-term Efficacy and Safety for AS (ATLAS) study. ATLAS was a Phase 3, randomized, 24-week, double-blind, placebo-controlled, multicentre trial with an open-label extension for up to 5 years, assessing efficacy and safety of adalimumab in patients with active AS [21] . This study demonstrated that significantly more patients treated with adalimumab achieved Assessment in SpondyloArthritis international Society (ASAS) 20 response compared with those treated with a placebo within 2 weeks of treatment initiation. A high ASAS20 response rate (89%) was maintained in patients completing 5 years of treatment [26] .
Considering the lifelong consequences of AS on spinal mobility and HRQoL, long-term data on the impact of anti-TNF treatment on these outcomes are needed. The ATLAS trial has shown that adalimumab treatment resulted in short-term (1224 weeks) improvements in physical function, disease activity, general health and HRQoL compared with placebo in patients with AS [21, 27] . Moreover, improvements in these parameters were maintained through 3 years of treatment [8] . However, sustained improvements in spinal mobility after adalimumab treatment as measured by the BASMI have only been reported for 2 years of adalimumab treatment [23] . The current report provides an assessment of the long-term improvement in spinal mobility using the more sensitive linear BASMI (BASMI lin ) [28] , as well as physical function and HRQoL through 5 years of adalimumab treatment in patients with active AS. In addition, this analysis evaluated the association of spinal mobility and clinical, functional and HRQoL outcomes.
Methods

Patients and study design
Patients were 518 years of age, fulfilled the modified New York criteria for AS [29] and had 52 of the following disease activity criteria: BASDAI score 54, morning stiffness 51 h and VAS for total back pain 54 (on a scale of 010). Full details of the inclusion/exclusion criteria have been previously published [21] . Patients were randomized 2:1 to receive adalimumab (AbbVie, North Chicago, IL, USA) 40 mg or placebo s.c. every other week for 24 weeks. Further details of the study design have been published [21] . Patients in the randomized portion of the trial were eligible to continue treatment in an open-label extension study in which patients received open-label adalimumab 40 mg every other week or weekly for up to 5 years, as previously described [23, 26] . Clinic visits during the first 6 months of the open-label period occurred every 6 weeks. Visits were every 1216 weeks for the remainder of the open-label extension period. All research was carried out in compliance with the Declaration of Helsinki. Institutional ethics review board and ethics committee approval was obtained, and each patient provided written informed consent.
Outcome measures
Spinal mobility in the original controlled, double-blind period of ATLAS was assessed using BASMI 2 , a composite index (scale 010) based on categorical scores on a scale of 02 for five clinical measurements: cervical rotation (in degrees), anterior lumbar flexion, lumbar side flexion, intermalleolar distance and tragus-to-wall distance (all measured in centimetres) [30] . BASMI lin was calculated using the data collected for the BASMI 2 . BASMI lin is a composite measure, with a total score ranging from 0 to 10 based on a linear assessment-to-score of the five clinical measurements. The BASMI lin has demonstrated a greater sensitivity to change compared with the BASMI 2 [28] . A higher score indicates worse spinal mobility. Disease activity was assessed using BASDAI (010 cm VAS) [31] , total back pain (010 cm VAS) and CRP (mg/dl). Physical function was assessed using the BASFI (010 cm VAS) and the Short Form-36 (SF-36) physical component score (PCS; 050) [32] . HRQoL was assessed using the AS quality of life (ASQoL) and SF-36 PCS [33] . A decrease of 51.8 points in ASQoL (where lower scores represent an increase in AS-specific quality of life) [34] or an increase of 53.0 points in the SF-36 PCS (where higher scores represent better health status) [27] have been previously identified as the minimum important difference (MID) for these HRQoL measures. Details of the questions posed, domains www.rheumatology.oxfordjournals.org assessed and possible ranges for these instruments have been published [8] .
Statistical analysis
The mean observed scores or values at baseline, week 12 and years 1, 3 and 5 were determined for BASMI lin and its components, BASDAI, total back pain, CRP, BASFI, SF-36 PCS and ASQoL. Values and scores from baseline up to week 12, and years 1, 3 and 5 were time-averaged. Analyses were conducted for all patients who received 51 dose of adalimumab (blinded or open-label), termed the any adalimumab population. Baseline for this analysis was defined as the last observation before the first dose of adalimumab and included patients originally enrolled in the placebo arm but who switched to treatment with open-label adalimumab. An additional analysis of efficacy endpoints at baseline, week 12, and years 1, 3 and 5 was conducted using data from only those patients who were originally randomized to adalimumab and who completed 5 years of the study, termed the 5-year adalimumab completer population. At the year 5 time point, the any adalimumab and the 5-year adalimumab completer populations were identical, as no patients in the any adalimumab group who had been randomized to receive placebo during the double-blind period reached a full 5 years of adalimumab treatment. Values reported are those observed (i.e. no imputations were made for missing data). Correlation coefficients between BASMI lin and BASDAI, total back pain, BASFI, SF-36 PCS and ASQoL outcomes after 12 weeks and after 5 years of adalimumab exposure were evaluated using Spearman's rank correlation. All assumptions for the Spearman's rank order correlation coefficient were verified, and correlation coefficients were tested for statistical significance (P < 0.05). Interpretation of the correlation coefficients were 0.00À0.29, little or no correlation; 0.30À0.49, weak; 0.50À0.69, moderate; 0.70À0.89, strong and 0.90À1.00, very strong [35] . As linear regression analysis of BASMI lin showed significant association with each of the covariates (BASDAI, total back pain, BASFI, SF-36 PCS and ASQoL), multivariate regression analysis was performed by first including all five explanatory variables in the model and subsequently dropping and adding variables to come up with the best model, based on adjusted R 2 values. Although the BASDAI showed significant association with BASMI lin in the multivariate regression model, it was excluded from the final model due to multicollinearity between BASDAI and BASFI. BASFI was retained in the model due to its stronger association with BASMI lin . The final model included age and BASFI as covariates for explaining BASMI lin .
Results
Patients
Of the 315 randomized patients (adalimumab, n = 208; placebo, n = 107), 311 received 5 1 dose of adalimumab, either blinded or open-label (any adalimumab population; see Supplementary Fig. S1 , available at Rheumatology Online). From this population, 65% (202 of the 311) completed the 5-year study. Withdrawal of consent (n = 37) and adverse events (n = 38) were the most common reasons for discontinuation during the 5 years of the study. The median [mean (S.D.)] duration of exposure to adalimumab in the any adalimumab population was 4.8 years [3.9 (1.6) years]. Of the original 208 patients who were randomized to treatment with adalimumab, 125 patients (60%) completed 5 years of treatment (the 5-year adalimumab completer population). A significant number of patients (n = 77) initially received placebo for 6 months and thus were exposed to adalimumab for only 4.5 years; although these patients completed the study, they were not included in the population for analysis of 5-year exposure (n = 125). In the any adalimumab population, 82 of the 311 patients (26%) received 5 7 doses in the last 70 days of treatment, indicating weekly dosing. Of the 202 patients who received adalimumab at any time and who completed 5 years in the study, 29 patients (14%) received 5 7 doses in the last 70 days of treatment.
Baseline clinical characteristics for patients treated during the double-blind period have been previously reported [21] . Demographics and disease state characteristics for the 5-year adalimumab completer population (n = 125) at baseline (i.e. assessment prior to first dose of adalimumab in the double-blind period) were similar to the any adalimumab study population (Table 1) .
Spinal mobility
Both BASMI (as previously described by van der Heijde et al. [21] ) and BASMI lin (Table 2) were significantly improved compared with placebo after 12 weeks of treatment with adalimumab (P < 0.001). In the any adalimumab population, improvement in spinal mobility as measured by the composite BASMI lin score was sustained through 5 years of treatment with adalimumab (Table 2 ). In the 5-year adalimumab completer population, BASMI lin scores were 4.3 (S.D. 1.7) at baseline and 3.7 (1.7) after 5 years of treatment with adalimumab, a mean change of 0.6 (Table 2; P < 0.001 change from baseline at year 5). In this 5-year adalimumab completer population, the individual BASMI components of lumbar side flexion, cervical rotation and intramalleolar distance demonstrated significant improvements from baseline at year 5 (P < 0.001 for all comparisons change from baseline at year 5) and appeared to continue to improve over the course of the 5-year observation period (Table 2 ). For patients in the any adalimumab population with weekly dosing of adalimumab in the last 70 days of treatment, BASMI lin scores were 4.7 (1.7) at baseline and 4.3 (1.5) at year 5, a mean change of 0.4 (P = 0.06).
Disease activity and physical function
In the any adalimumab population, improvements in disease activity (BASDAI), total back pain and function (BASFI) were sustained over 5 years (Fig. 1A) . CRP levels showed the same pattern, with mean values of 1.20 mg/dl at week 12 (n = 308), 0.71 mg/dl at year 1 (n = 282), 0.56 mg/dl at year 3 (n = 233), 0.52 mg/dl at year 4 (n = 217) and 0.50 mg/dl at year 5 (n = 125). In the 5-year adalimumab completer population, improvements in disease activity, total back pain and function were observed over the 5-year period (Fig. 1B) . CRP levels in the 5-year adalimumab completer population were 1.30 mg/dl at week 12, 0.54 mg/dl at year 3, 0.51 mg/dl at year 4 and 0.50 mg/dl at year 5.
Health-related quality of life Improvement in the SF-36 PCS and ASQoL was maintained through 5 years of treatment with adalimumab in both the any adalimumab and the 5-year adalimumab completer populations (Fig. 2A) . The proportion of patients who achieved the MID for SF-36 PCS increased numerically from 64.0% of patients (178 of 278) at week 12 to 78.2% of patients (129 of 165) at year 5 in the any adalimumab population, and from 68.0% of patients (83 of 122) at week 12 to 78.7% of patients (96 of 122) at year 5 in the 5-year adalimumab completer population (Fig. 2B) . The proportion of patients who achieved the MID for ASQoL increased from 62.0% of patients (176 of 284) at week 12 to 84.0% of patients (142 of 169) at year 5 in the any adalimumab population, and from 67.2% of patients (84 of 125) at week 12 to 84.8% of patients (106 of 125) at year 5 in the 5-year adalimumab completer population (Fig. 2B) .
Association of spinal mobility with disease activity, function and HRQoL BASMI lin was significantly correlated with each evaluated disease, function or HRQoL measure at week 12 and year 5 (P < 0.001 for each; Table 3 ). The strongest correlation was observed for BASFI at week 12 and year 5 (r = 0.52 and r = 0.65, respectively). A multivariate regression model confirmed a significant association between BASMI lin and BASFI, as well as between BASMI lin and age (P < 0.001; Table 4 ). None of the other variables tested in the multivariate regression model had significant associations with BASMI lin .
Discussion
There is a growing body of evidence that treatment of AS with anti-TNF agents provides long-term benefits. The progressive restriction of physical function typically experienced by patients with AS negatively affects their HRQoL. Slowing or halting this progressive loss of function over the long term is thus an important goal of AS therapy. This current study is the first to report data for up to 5 years in terms of improvement in spinal mobility with adalimumab. Adalimumab treatment resulted in improvements in spinal mobility, as measured by the composite BASMI lin score, which appear to be due to improvements in lumbar side flexion, intermalleolar distance and cervical rotation components. In contrast, lumbar flexion and tragus-to-wall flexion measurements remained similar to baseline throughout the study. These improvements in spinal mobility are consistent with shorter-term findings with adalimumab [23] and long-term findings with other anti-TNF agents [3638] .
The baseline BASMI lin scores in the current analysis were higher than the baseline BASMI 2 score previously reported by van der Heijde et al.
[21] for the ATLAS study population originally randomized to treatment with adalimumab. However, this is not surprising as mean status scores for BASMI 2 have been shown to be lower compared with BASMI lin scores [28, 39] .
The current analysis demonstrated that improvements in physical function and disease activity were maintained over 5 years. Consistent with these data, HRQoL improvements observed after 12 and 24 weeks of adalimumab treatment [27] were sustained till the end of the 5-year study. By year 5, most patients remaining in the study had reached the MID for both ASQoL and SF-36 PCS. These results were observed despite the finding that progression of structural damage in AS (as determined by radiographs) does not appear to be inhibited by 2 years of adalimumab treatment [40] . Radiographic data with longer follow-up are not available. Multivariate regression analyses in a study of infliximab treatment demonstrated that HRQoL in AS is determined by physical function and disease activity [41] . In addition, multivariate regression showed that physical function is dependent on spinal mobility and disease activity; the degree of spinal mobility, in turn, is determined by irreversible structural damage and reversible inflammation of the spine [41, 42] . However, the association between structural damage and spinal mobility is highly variable among individual patients [15] . This discordance may be due to the influence of spinal inflammation on spinal mobility [42] . Thus, maintaining a high HRQoL by improving physical function and reducing disease activity is an achievable goal for patients with AS treated with anti-TNF therapy. 
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The second objective of the current analysis was to determine whether spinal mobility correlated with other AS clinical, functional and HRQoL outcomes. Significant correlations between BASMI lin and BASDAI, total back pain, SF-36 PCS and ASQoL were observed, although they were weak. The weakness of association between these variables was further confirmed by multivariate regression analysis, in which these measures were not a statistically significant contributory factor to BASMI lin . The BASMI lin correlated best with BASFI at both week 12 and at year 5. This moderate correlation suggests that improvements in spinal mobility lead to enhanced physical function throughout extended treatment with adalimumab. The multivariate regression analysis confirmed the significant nature of the positive association between spinal mobility and physical function. In a previous study of 70 patients with AS who completed 6 months of pamidronate therapy, changes in the BASMI 2 also significantly correlated with changes in BASFI (Pearson correlation coefficient = 0.44; P < 0.001) [43] .
The main strength of this study is the duration of the long-term follow-up. ATLAS is the largest long-term clinical trial of anti-TNF treatment of AS to date. Limitations of long-term analyses include the fact that patients for whom 
Conclusion
Treatment of active AS with adalimumab for up to 5 years resulted in sustained benefits in spinal mobility, physical function and HRQoL. Spinal mobility was correlated with patient-reported function, both early in the course of adalimumab treatment and after 5 years of therapy, suggesting improvements in mobility result in enhanced long-term physical function. 
